Abstract. The fibroblast activation protein (FAP) is a cell surface serine protease which has emerged as a specific marker of tumor-associated fibroblasts (TAFs). FAP has been shown to have both in vitro dipeptidyl peptidase and collagenase activity. However, the biological function of FAP in the tumor microenvironment is largely unknown. In this study, we first show that TAFs isolated from ovarian cancer samples have the characteristics of stem cells. To explore the functional role of FAP, the protein was silenced by siRNA lentiviral vector transfection. FAP silencing inhibited the growth of TAFs in vitro, accompanied with cell cycle arrest at the G2 and S phase in TAFs. FAP silencing also reduced the stem cell marker gene expression in TAFs. SKOV3 cells do not express FAP. Although FAP-silenced SKOV3 cells induced ovarian tumors, the rate of tumor growth was significantly decreased, as shown in the xenograft mouse model. TAF phenotypes in the xenograft tumor tissues were further assayed by immunohistochemistry. The expression of TAF markers, including fibroblast-specific protein, FAP, smooth muscle actin, desmin, vascular endothelial growth factor and fibroblast growth factor was decreased in the tumor stroma induced by FAP-silenced SKOV3 cells. In conclusion, FAP is an important regulator of the microenvironment in tumor formation and targeting FAP is a potential therapeutic strategy to combat ovarian cancer.
Introduction
There is an increasing amount of experimental evidence that the tumor microenvironment [including fibroblastic stromal cells, infiltrating immune cells, blood and lymphatic vascular network and the extracellular matrix (ECM)] is an integral part of the carcinogenic process promoting cell growth and metastases (1) (2) (3) (4) . Fibroblastic stromal cells are also known as tumor-associated fibroblasts (TAFs), carcinoma-associated fibroblasts and reactive stroma. Most solid tumors, including ovarian cancer, have some degree of tumor stroma, with the finding of reactive stroma often being a poor prognostic indicator (5) .
The fibroblast activation protein (FAP, also known as FAPα or seprase) has emerged as a specific marker of reactive fibroblasts in tumors. FAP is highly expressed in reactive stromal fibroblasts in more than 90% of human epithelial carcinomas, including breast, lung, colorectal and ovarian cancers (6) . Neuronal and lymphoid cells, as well as the surrounding normal tissue, demonstrate a very weak FAP expression. Epithelial carcinoma cells are also FAP-negative. The function of FAP in the tumor microenvironment is largely unknown.
FAP is a type II transmembrane cell surface protein belonging to the serine protease family. In vitro studies have shown that FAP has both dipeptidyl peptidase and endopeptidase activity and is capable of degrading gelatin and type I collagen (7) (8) (9) (10) . The highly regulated expression and restricted distribution of FAP suggest that it could be a potential target for cancer therapy. A previous study demonstrated that the genetic deletion and pharmacological inhibition of FAP inhibited tumor growth in an endogenous lung cancer mouse model driven by the K-rasG12D mutant and in a colon cancer mouse model (11) .
In this study, we demonstrate for the first time that primary ovarian TAFs have characteristic properties of stem cells. We then show that the transfection of FAP siRNA into SKOV3 cells inhibits the ovarian tumor growth in vivo and reduces tumorigenesis, although SKOV3 cells do not express FAP. Our results suggest that FAP is an important regulator of the microenvironment in tumor formation and its inhibition is a potential therapeutic approach for ovarian epithelial cancer treatment.
Materials and methods
Cell culture. Ovarian epithelial cancer specimens and normal ovarian samples were obtained with approval from the Institutional Review Boards at Shanghai Jiaotong University, Shanghai, China. The tumor samples were surgically removed from ovarian tumor sites whereas the controls were obtained from non-cancerous prophylactic oophorectomy specimens.
Fibroblast activation protein regulates tumor-associated fibroblasts and epithelial ovarian cancer cells
Tissue was washed, minced, suspended in McCoy's medium (Sigma-Aldrich, St. Louis, MO, USA) and mixed with 1% collagenase and 1% hyaluronidase (Invitrogen), followed by overnight incubation (37˚C, 5% CO 2 ). The enzymatically disaggregated cell suspensions were filtered (70-µm cell strainer) and washed twice with PBS. All the cells were separated on a gradient of Percoll Plus (the density of the top band and bottom layer was 45 and 90%, respectively) (GE Healthcare). The tumor cells were mostly found in the upper band and the TAFs were mainly found in the lower band. These two types of cells were separately maintained in two different culture systems. The tumor cells were cultured under standard conditions [DMEM/ F12 supplemented with 10% fetal bovine serum (FBS)] and the attached cells showed a cobble-like morphology. The TAFs were maintained in DMEM containing 10% FBS and grown into elongated fibroblast-like cells. All cells were incubated at 37˚C in a humidified atmosphere containing 5% CO 2 . The normal fibroblast cells (NFCs) were isolated in the same manner as described above.
Karyotype analysis. Chromosome analysis of the tumor cells and TAFs was performed using the G-band method.
RNA extraction and real-time qPCR analysis. Total RNAs were isolated from NFCs and TAFs using the RNeasy mini kit (Qiagen, Chataworth, CA, USA). Total RNA (500 ng) from each sample was used in reverse transcription (RT) using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA). Real-time RT-qPCR was carried out on the cDNA using IQ SYBR-Green (Bio-Rad) on the Mastercycler ep realplex (Germany). All reactions were performed in a 25-ml volume. Primer sequences were listed in Table I . PCR was performed as previously reported (1,2).
Immunofluorescence staining. The TAFs and NFCs were fixed with 4% paraformaldehyde for 15 to 20 min at room temperature and then washed twice (10 min each) with 1X PBS. Cells were permeabilized with 0.1% Triton X-100 for 10 min at room temperature and then washed twice with 1X PBS. atmosphere. The medium was aspirated 14 h later and 10 ml of fresh DMEM-10% FBS (PAA, Pasching, Austria) was gently added. After 28-h incubation, the virus was collected and cleared via centrifugation at 1,500 rpm for 15 min and filtration through a 0.45-µm filter. The sample was subsequently ultracentrifuged at 80,000 x g for 90 min. The supernatant was aliquoted and the pellet was resuspended with 1 ml PBS. Both the supernatant and the resuspended pellet were stored at -80˚C for future use. The titration of concentrated supernatants was performed by serial dilutions of vector stocks on 1x10 5 HeLa cells followed by fluorescence-activated flow cytometry (Beckton-Dickinson Immunocytometry Systems). According to the formula: 1x10 5 HeLa cell x % EGFP-positive cell x 1,000/µl virus, titers of lentiviral vectors were calculated among 0.1-1x10 9 TU/ml.
FAP silencing. TAFs (10 6 ) were grown to confluence in standard medium. For different applications, 5 µl FAP siRNA or control siRNA lentiviral vector were applied to the medium for 0-72 h.
Growth curve assay. The TAFs treated with FAP or control siRNA were plated in 48-well culture dishes with 500 µl of growth medium. Every two days 50 µl of medium were added to each well. The number of cells in each well was evaluated after 72 h of culture.
Cell cycle distribution analysis. The TAFs (1x10 5 ) treated with FAP siRNA or control siRNA for 48 h were suspended in hypotonic solution [0.1% Triton X-100, 1 mM Tris-HCl (pH 8.0), 3.4 mM sodium citrate, 0.1 mM EDTA] and then stained with 50 mg/ml of PI. The DNA content calculation was performed using a FC500 flow cytometer (Beckman Coulter) and analyzed by Beckman Coulter CXP software.
Western blot analyses. The TAFs (1x10 5 ) treated with FAP or control siRNA for 48 h were pooled and homogenized in the sample buffer. Total proteins were measured using the BCA kit (Pierce, Gaithersburg, MD, USA) according to the manufacturer's instructions. Protein (20 µg) was separated by SDS-PAGE and transferred to nitrocellulose membrane. Then the membrane was incubated with the primary antibody against FAP or β-actin (rabbit anti-human, 1:200; Boshide, Wuhan, China; or rabbit anti-human, 1:1,000; Cell Signaling Technology, Danvers, MA, USA) at room temperature overnight. This was followed by incubation with peroxidase-linked goat antirabbit-IgG (1:1,000, Santa Cruz Biotechnology) at room temperature for 1 h; then it was developed with a chemiluminescence reagent (PerkinElmer Life Sciences, Norwalk, CT, USA) and analyzed using the ChemiImager Imaging System (G:Box Syngene, Gene Company Ltd., Hong Kong, SAR, China).
In vivo xenograft experiments. All animal studies adhered to the protocols approved by the Institutional Animal Care and Use Committee of Shanghai Jiao Tong University, Shanghai, China. The SKOV3 ovarian cancer cell line derived from highgrade serous adenocarcinoma was obtained from the Shanghai Cell Bank of the Chinese Academy of Sciences and maintained in McCoy's medium (Sigma-Aldrich) supplemented with 10% FBS. After the cells were grown to 80% confluence, 5 µl FAP or the control siRNA lentiviral vector were added to the medium. After 48 h, 1x10 8 uninfected SKOV3 cells, control-transfected SKOV3 cells, or FAP siRNA transfected SKOV3 cells were separately injected subcutaneously (s.c.) into BALB/c mice (BALB/c-nu/nu, Harlan; each group n=5; total number, 15). Engrafted mice were inspected bi-weekly for tumor appearance by visual observation and palpation until a tumor was formed. Mice were sacrificed by cervical dislocation after 49 days. Xenograft tumors were removed, fixed in 10% phosphate-buffered formalin and embedded in paraffin for sectioning (5 mm) on a rotary microtome, followed by slide mounting for H&E staining and histological assessment or immunochemistry.
Immunohistochemical analysis. The sections were fixed for 5 min in neutral-buffered formalin, after which endogenous peroxidase activity was quenched by incubating the sections in 0.3% hydrogen peroxide in methanol for 30 min. The sections were treated with the following antibodies: rabbit anti-human fibroblast-specific protein (FSP), mouse anti-human FAP, mouse anti-human α-smooth muscle actin (α-SMA) (1:1,000 dilution; Biomeda, Foster City, CA), rabbit anti-human desmin (diluted 1:1,000; Novus Biologicals, Littleton, CO) and mouse anti-human vascular endothelial growth factor (VEGF), mouse anti-human epidermal growth factor (EGF) (1:1,000 dilution; Santa Cruz Biotechnology). For antibody detection, goat, rabbit or mouse peroxidase kits (Vector Laboratories, Burlingame, CA) were used following the manufacturer's instructions. Peroxidase substrate was developed by using the 3-amino-9-ethylcarbazole (AEC) and/or 3,39-diaminobenzidine (DAB) substrate kit (Vector Laboratories). The slides were counterstained with hematoxylin QS (Vector Laboratories) and were either mounted with low viscosity aqueous mounting medium (ScyTek Laboratories, Logan, UT) or dehydrated and mounted with VectaMount Permanent Mounting Medium (Vector Laboratories).
Statistics. Means, standard deviations, standard error and P-values (Student's t-tests) were calculated using Microsoft Excel. P-values <0.05 were considered to indicate statistically significant differences.
Results

Primary ovarian TAFs have distinct morphological phenotypes.
The primary ovarian TAFs and primary epithelial ovarian cancer cells were harvested separately from the same ovarian cancer samples. When cultured under traditional conditions, the fibroblasts presented spindle-like morphologies and grew rapidly (Fig. 1A) whereas the ovarian epithelial cancer cells showed cobblestone-like characteristics and were relatively uniform epithelial cells (Fig. 1C) . These two types of cells were morphologically distinguishable from each other. No karyotypic abnormality was found in the ovarian TAFs (Fig. 1B) , suggesting that malignant changes had not occurred in these cells. On the contrary, the epithelial ovarian cancer cells displayed complex karyotypes, including multiple numerical and structural abnormalities of chromosomes (Fig. 1D) .
Primary ovarian TAFs have characteristic properties of stem cells.
The stem/progenitor cell phenotype has been found in ovarian cancer cells. We previously characterized a small population of ovarian cancer cells with stem cell properties, which is believed to be responsible for tumor initiation, progression, metastasis and drug resistance (12, 13) . The TAFs have distinct morphological phenotypes that differ from normal fibroblasts; however, the phenotypic and functional heterogeneity among TAFs is yet to be fully explored. In this study, we examined the expression of putative stem cell markers in TAFs. Quantitive real-time PCR showed that the expression of Nanog, Oct-4, Sox2, nestin, CD133 and hTERT in TAFs was higher than that in NFCs, but lower than that in ovarian cancer cells (except for nestin and CD133, Fig. 2A) (P<0.01) . The expression of the transcription factors, Oct-4, Nanog and nestin, was further investigated by immunostaining and it was found that TAFs had staining patterns for these genes compared with the NFCs (Fig. 2B) . Both the normal fibroblasts and TAFs had staining for Vimentin, which is the most frequently found intermediate filament in fibroblasts. Thus, it is a reliable fibroblast marker. FAP has emerged as a marker of TAFs and FAP is expressed only by TAFs and not by NFCs (Fig. 2C) . Of note, TAFs also showed increased expression of hTERT compared with NFCs (Fig. 2C) .
FAP siRNA inhibits the growth of TAFs in vitro.
Experimental evidence suggests that in primary tumors, FAP is expressed only by TAFs and pericytes but not by tumor cells. However, the mechanisms involved have not been defined. In this study, to determine whether FAP promotes tumorigenesis and to understand the molecular mechanism by which this might occur under more relevant pathophysiological conditions, we examined the impact of FAP siRNA on TAFs. We constructed the lentiviral vector encoding FAP siRNA and silenced TAFs with FAP siRNA. This reduced FAP expression in TAFs to approximately 50% of the control level (determined by quantitative RT-PCR and western blot analysis) (Fig. 3A and B) . In addition, after transfection with FAP siRNA, the silenced TAFs grew at a slower rate than the control cells as revealed by the MTT assay (P<0.05, Fig. 3C ).
The effects of FAP siRNA on the TAF cell cycle progression were further investigated. The TAFs infected with FAP or control siRNA were analyzed for cell cycle distribution by means of flow cytometry. Compared with the control siRNA-infected TAFs, cells transfected with FAP siRNA had an increased population at the G2 and S phase and a reduced number in the G1 phase (P<0.01, Fig. 3D ). These results indicated that FAP silencing led to cell cycle arrest at the G2 and S phase in TAFs. Of note, the FAP siRNA also significantly inhibited the stem cell gene expression in TAFs. Quantitive real-time PCR showed that the expression of Nanog, Oct-4, Sox2 and CD133 in the FAP siRNA-transfected TAFs was lower than that in the control siRNA-transfecteds TAF (Fig. 3E) .
FAP siRNA inhibits ovarian tumor growth in vivo and reduces tumorigenesis.
Uninfected, mock-infected, or FAP siRNAinfected SKOV3 cells were separately injected s.c. into BALB/c mice. All three groups developed tumors, but the FAP siRNAinfected SKOV3 cells reduced the tumor burden in mice. Overall, the tumor volume and weight in the FAP siRNAtransfected group were significantly reduced compared with those in the mock control and untransfected groups ( Fig. 4C  and D) . H&E micrographs showed that ovarian cancer samples from the mock-transfected SKOV3 cells in nude mice had much more stromal cells in the tumor tissues, whereas the ovarian cancer samples from the FAP siRNA-transfected SKOV3 cells had less stromal cells (Fig. 5A and B) . To quantify cell proliferation in each group, Ki67 immunohistochemistry (IHC) assay was performed in the representative tumor regions. Ki67-positive cells were markedly different in both groups and the proliferative index in the control was much higher than that in the FAP siRNA-silenced tumors (Fig. 5C-E) . These results indicated that the reduced tumor growth was associated with a reduction in the proliferative index of tumors based on Ki67 staining.
FAP activity regulates tumor stromagenesis and angiogenesis.
H&E staining showed that the control tumors had a larger stromal area compared to the FAP siRNA-treated tumors ( Fig. 5A and B) . IHC of FAP and FSP expression was further conducted on the tumor sections to identify TAF characteristics. FSP and FAP staining was evident within the stromal area in the uninfected SKOV3 or mock-infected SKOV3 tumors but not in the FAP siRNA-treated tumors (Fig. 6A and B) .
The other characteristic of TAFs is the expression of myofibroblastic markers, including α-SMA, desmin and another marker of neo-microvascularization, VEGF. In the control tumors, IHC staining revealed an expression pattern of both α-SMA and desmin ( Fig. 6D and E) . VEGF expression was strong in the stromal cells, but was not distributed in the tumor cells. These patterns of expression were not evident in the FAP siRNA SKOV3 tumors (Fig. 6F) . The α-SMA staining is an indicator of microvascularization within the tumor and is a contributing factor to the TAF phenotype within the tumor microenvironment. In the control tumors, we found that SMA was overexpressed in the fibroblast cells around the tumor cells, while the tumor cells were not positive for SMA staining. The expression of the growth factor, EGF, in TAFs was also detected in the tumors. The growth factors produced by TAF may support tumor development and metatasis. We found that EGF staining by IHC was present at concentrated amounts on the leading edge of the tumors where a large portion of stroma is found in the control vector-infected SKOV3 tumors as compared to the FAP siRNA-infected SKOV3 tumors (Fig. 6C) . Growth factor staining was also found in the membrane of tumor cells due to the fact that tumor cells also secrete the growth factor, EGF.
Discussion
Tumors are composed of heterogeneous populations of cells, including transformed cells and a multitude of untransformed cells, including inflammatory and immune cells, endothelial cells and TAFs. TAFs have been shown to promote tumor growth by inducing angiogenesis and remodeling the ECM. TAFs also mediate epithelial mesenchymal transition (EMT) in tumor cells (14) . A subset of TAFs are phenotypically and functionally distinguishable from normal fibroblasts, but are characterized as reactive fibroblasts in tumors, based on the expression of FAP.
Although a considerable number of studies have suggested that FAP expression in the tumor microenvironment promotes tumor growth and metastasis (15, 16) , its potential role has yet to be fully investigated. This study provides the first direct demonstration that the silencing of FAP inhibits the growth of TAFs and decreases their stemness. Furthermore, targeting FAP in SKOV3 tumor cells results in tumor growth inhibition.
A number of studies have revealed that the highly tumorigenic cancer progenitor cells expressing stem cell-like markers, such as CD133, CD44, Oct-3/4, c-KIT and/or xenobiotic efflux pumps associated with multidrug resistance, have been isolated from ovarian cancers and tumors established with cancer cell lines (17) (18) (19) . These cancer progenitor cells have also been designated as cancer stem cells or cancer-initiating cells, which are able to give rise to more differentiated cancer cell types in vitro and in vivo and appear to play a critical role in tumor formation, progression and metastasis. To further demonstrate the characteristics of TAFs and NFCs, we examined their stem cell gene expression. We found that the expression of stem cell genes was higher in TAFs than that in normal fibroblasts. A number of studies have demonstrated that normal fibroblasts play a role in maintaining epithelial homeostasis by suppressing the proliferation and oncogenic potential of adjacent epithelia (20, 21) . The cellular origin of TAFs remains unclear; however, following the neoplastic transformation of epithelia, some TAFs are recruited to the expanding tumor mass from local tissue fibroblasts (15) and additional TAFs can be recruited from peripheral fibroblast pools, such as bone marrow-derived mesenchymal stem cells (MSCs) (22) . Spaeth et al provided evidence that TAFs are derived from MSCs that acquire a TAF phenotype following exposure to or systemic recruitment into a xenograft ovarian adenocarcinoma model (23) . In this manner, the upregulated expression of diverse tumorigenic target gene products in cancer progenitor cells and their progeny induced through the activation of distinct developmental signaling pathways, such as EGF/epidermal growth factor receptor (EGFR), hedgehog, Wnt/β-catenin, Notch, tumor growth factor-β (TGF-β) and/or integrin cascades may co-operatively participate in the formation of TAFs (24) . Thus, the acquisition of stem cell characteristics of the fibroblasts may be determined by their source. Recently published data suggest that TAF-induced EMT leads to the enhanced expression of stem cell markers in prostate carcinoma cells, and increases the ability of these cells to form prostaspheres and to self-renew (25) . Thus, the paracrine interplay between TAFs and cancer cells leads to the maintaining of cancer stem cell properties associated with aggressiveness and metastatic spread.
In this study, we found that TAFs with overexpressed hTERT, the catalytic subunit of telomerase, have normal karyotypes. Telomerase overexpression has already been associated with carcinogenesis. A previous study described the karyotypic stability of human fibroblasts immortalized by the expression of hTERT. The ectopic overexpression of telomerase is associated with unusual spontaneous as well as radiation-induced chromosome instability (26) . These results confirm that TAFs maintain their genome stability by a telomere-independent mechanism and are possibly more genetically stable than tumor cells.
The expression of human FAP is highly specific for tumor fibroblasts. FAP is heavily expressed in reactive stromal fibroblasts in >90% of human epithelial carcinomas including breast, lung, colorectal and ovarian. Neuronal and lymphoid cells, as well as the surrounding normal tissue, demonstrate a very weak FAP expression (6). Cheng et al reported that HEK293 cells ectopically overexpressing FAP, when xenografted into scid mice, were 2-4-fold more likely to develop tumors and showed that FAP increased tumorigenicity and significantly enhanced tumor growth (27) . They also found that enzymatic mutants of FAP that are devoid of FAP enzymatic activity, when xenografted into immunodeficient mice, resulted in attenuated tumor growth (28) . In the present study, we found that silencing FAP inhibited the growth of TAFs, accompanied with cell cycle arrest at the G2 and S phase. Of note, FAP siRNA transfection also significantly inhibited the stem cell gene expression in TAFs.
Epithelial carcinoma cells are FAP-negative. Consistently, we found that FAP was not expressed in SKOV3 cells (data not shown). Recently, Mentlein et al reported that FAP was detected at low levels in gliospheres (glioma stem-like cells); however, when these cells were induced to differentiate in 10% fetal calf serum, FAP expression was considerably increased (29) . To date, little is known about the presence of FAP in tumor cells. We found that FAP siRNA-infected SKOV3 cells induced tumors in mice. However, FAP silencing significantly reduced both the tumor volume and tumor weight compared with the mock control and uninfected SKOV3 cells. Importantly, the reduced tumor growth was associated with a reduction in the proliferative index of tumors based on staining with Ki67. These results provide evidence showing the importance of FAP in tumorigeness regulation.
The TAF population differs from a normal fibroblastic phenotype and is defined as an activated fibroblast population, which is a rich source of tumor growth-promoting and pro-angiogenic factors. TAFs have distinct myofibroblastic characteristics. Qualifying factors that characterize TAFs include: i) the fibroblast markers, FSP and FAP; ii) myofibroblast/provascularizing potential including desmin, α-SMA and VEGF; and iii) growth factors, such as TGF-β, basic fibroblast growth factor (bFGF) and EGF (30) . In the current study, through IHC, we observed the role of FAP in the formation of fibrovascular structure and 'TAF characteristics' by FAP silencing within established xenograft tumor models. We identified the neovascular, fibroblastic and matrix remodeling nature of TAFs in the tumor microenvironment. The two markers, FAP and FSP, which were overexpressed in TAFs as compared to normal fibroblasts, were evident in SKOV3 tumor sections treated with control vector, but not evident in the SKOV3 tumor sections treated with FAP siRNA by IHC staining (Fig. 6A and B) . The other characteristic was the expression of typical myofibroblastassociated proteins. Desmin is a muscle-specific, intermediate filament protein common in myofibrils (31) . The expression pattern of desmin was different from that of α-SMA in SKOV3 tumors treated with the control vector ( Fig. 6D and E) . However, the expression of both desmin and α-SMA was decreased in the stromal regions of the SKOV3 tumors treated with FAP siRNA silencing. Our data suggest that FAP contributes to the neovascularization within SKOV3 tumors. The final characteristic that defines TAFs is the expression of tumor-supportive growth factors, including VEGF and EGF. TAFs biologically impact tumor progression through the production of growth factors, cytokines, chemokines, matrix-degrading enzymes and immunomodulatory mechanisms. In our in vivo studies, VEGF and EGF were highly expressed in the stromal compartments of the SKOV3 tumors treated with the control vectors, but poorly expressed in the tumors treated with FAP siRNA silencing. The presence of FAP may have an impact on growth factor production in TAFs. Kraman et al created FAP knock-out transgenic mouse and found that the depletion of FAP-expressing cells made up only 2% of all tumor cells in established Lewis lung carcinomas, caused rapid hypoxic necrosis of both cancer and stromal cells in immunogenic tumors involving interferon-γ and tumor necrosis factor-α (Kraman et al) . Thus, the TAF population is an immune-suppressive component of the tumor microenvironment (32) .
In conclusion, we show that TAFs have the characteristics of stem cells and that FAP silencing in TAFs inhibits cell growth in vitro as well as stem cell gene expression. In addition, we show that FAP silencing in SKOV3 cells induces ovarian tumors, but significantly reduces tumor growth in the xenograft mouse model, accompanied with the decrease of TAF characteristics. Clearly, FAP plays an important role in the tumorigeness, stromagenesis and angiogenesis of ovarian cancer and targeting FAP is a potential therapeutic strategy for ovarian cancer patients.
